The short time average of a reverberation time series received in a narrow band is obtained in a modal framework for the ideafized case where the frequency content and the spatial correlation properties of the scatterers both follow a Gaussian parametrization. The statistics of the spatial scatterers are assumed to be homogeneous. Results indicate that the characteristics of the reverberation are controlled by the ratio of the patch size to the scatterer correlation length scale.
the scatterers both follow a Gaussian parametrization.
The statistics of the spatial scatterers are assumed to be homogeneous. Results indicate that the characteristics of the reverberation are controlled by the ratio of the patch size to the scatterer correlation length scale.
THEORY
We are interested in modeling reverberation from bottom and subbottom scatterers in a range independent waveguide. Many of the characteristics of this type of reverberation have already been explored [1, 2] .
Here we evaluate how the expected value of coherent reverberation intensity depends on channel and bandwidth parameters. By coherent we mean reverberation which is caused by fully phase coherent propagation to and from a field of scatterers, Using the asymptotic forln of the Green functions to and from scatterers q, the backscattered time series is approximated by the following sum over scatterers and frequencies
In Eq. 1, the mode shape functions @.,m, the mode scattering functions @$,m and the modal eigenvalues where u~m z (1 -iDn~A w2r/2)/ A W2, and subscripts and superscripts '<o" indicate evaluation at the center frequency. Eq. 2 has the intuitive aspect that reverberation at a given time comes from scatterers in the immediate vicinity of the time over the round trip slowness Sn~. The contributions of the individual scatterers are shaded by a Gaussian envelope function with an effective spatial standard deviation determined by the larger of: 1/S.~Aw, which is the patch size determined by the source bandwidth, or~-/S~~, a patch size determined by curvature of the dispersion characteristics of the modes and the scatterer range.
In order to obtain the short time average of reverberation intensity, Eq. 2. is squared, and the resulting expression is averaged over the ensemble of homogeneous bottom scatterer distributions.
Assuming isotropic Gaussian spatial correlation between the scatterers, the range and azimuthal integrals may be approximately 
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where the patch separation range is defined w Arz = t 2(S;~-2S;~S~,lm, + S~,2~, ). Term A in Eq. 5. is a decorrelation associated with interference of the propagation terms over the patch aperture, B is a Bragg scat tering condition, i.e. the Fourier transform of the spatial correlation function at the sum of the incident and scattered wavenumbers, C is a phase interference term at the center of the patch range (a coherent propagation effect most important for very small bandwidths) and D serves to eliminate cross terms for patch pairs which illuminate separate parts of the bottom.
In the limit of patch size small with respect to the correlation length scale (t >> L), an alternative expression is obtained
B'~y c'
Term B of Eq. 6. is no longer a resonant scattering condition from the roughness scale, but a larger value determined by the patch size. Intuitively, the patch size is too small to allow resonant scattering to occur, so the individual scatterer power determines the expected power of the reverberation intensity. Term C' is similar to the term C in Eq. 5., but term D' indicates that even if different parts of the bottom are illuminated by different mode pairs, the cross terms do not go to zero unless the bottom patches are more than a correlation length scale apart. These cross terms provide for predictable reverberation fluctuations.
RESULTS
In Fig. 1 . the expected value of the reverberation intensity is shown as a function of time for a 184.5 meter deep shallow water waveguide from the Gulf of Mexico [3]. The center frequency is 100 Hz and the correlation length scale is 5 meters. The results indicate that as the bandwidth of the time series incre=es, the late time structure expected in the reverberation decreases. This is caused by decreasing intermodal correlation due to the interrogation of spatially uncorrelated bottom patches by the different mode sets.
Lower modal coherence also translates into lower spatial coherence at late time. 
